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A sperm-act ivat ing  pept ide  (SAP)  was  iso lated f rom the  egg  jel ly o f  the  sea urch in  Slomopneusres variotaris. The  presence o f  an  in t ramolecu la r  
disu'~fide l inkage in the  pept ide  was  demonst ra ted  by fast a tom bombardment  (FAB)  mass  spect rometry  with the  intact  and  reduced pept ides.  The  
amino  ac id sequence  o f  the  reduoed pept ide  was determined  to be Lys -Phe-Cys -Pro -G lu -G ly -Lys -Cys -Va l  b~ tandem mass  spectrometry_ f rom the 
spec,  rum produced  by  a co l l i s ion - induced ecompos i t ion  method .  Fur thermore .  it was  a lso demonst ra ted  that  SAPs  obta ined  f rom sea urch ins  
Arhacia pu~t'tulottJ and GIvplocidaris crenuluris are  cycl ic pept ides  conta in ing  one  cyst ine  res idue by FAB mass  spoct romctry .  
Sperm-act ivat ing  Deptide; Cys t ine -conta in ing ;  Tandem mass  spect rometry :  Co l l i s ion - induced ecompos i t ion  
1. INTRODUCTION 
Sperm-act ivat ing  pept ides  (SAPs)  i so la ted  f rom the  
egg-cond i t ioned  med ia  (egg  je l l y )  o f  sea  urch ins  have  
severa l  e f fec ts  on  sea  urch in  spermatozoa .  SAPs  cause  
s t imu la t ion  o f  sperm resp i ra t ion  and  mot i l i ty  th rough 
in t race l lu la r  a lka l in i za t ion ,  t rans ient  e levat ions  o f  
cAMP,  cC iMP and  Ca  2+ leve ls  in  sperm ce l l s ,  and  
t rans ient  ac t ivat ion  and  subsequent  inact ivat ion  o f  the  
membrane  fo rm o f  guany la te  cydase  [ I ,2 ] .  A spec i f i c  
receptor  fo r  SAP- I IA  ( resact ) ,  Cys -Va i -Thr -G ly -A la -  
P ro -G ly -Cys -Va l=Giy -G ly -G ly -Arg -Leu-NH2,  i s  the  
membrane  fo rm o f  guany la te  cyc lase  and  the  same as  
nat r iu re t i c  pept ide  receptors  and  a heat -s tab le  entero -  
t .ox in  receptor  [3 -5 ] .  I t  i s  repor ted  that  a receptor  fo r  
SAP- I  ( speract ) ,  G ly -Phe-Asp-Leu-Asn-G ly - (~ ly -G ly -  
Va l -G ly ,  possesses  severa l  cys te ine - r i ch  domains  wh ich  
are  ana logous  to  that  o f  the  type  I macrophage sca -  
venger  receptor  [6] .  
Tandem mass  spect rometry  (MS/MS)  has  been  
suocess lu l l y  app l ied  to  sequence  ana lys i s  o f  a l inear  pep-  
t ide  [7] .  Despeyroux  e t  a l .  have  deve loped  a method  
us ing  MS/MS to  determine  the  amino  ac id  sequence  o f  
a cyc l i c  pept ide  conta in ing  cys t ine  [8] .  In  the  present  
s tudy ,  we  i so la ted  a new SAP  wh ich  has  two  ha l f -~yst ine  
res idues  f rom the  egg  je l l y  o f  the  sea  urch in  Sro -  
mopneustes  var io la r i s ,  and app l ied  the  method  fo r  de -  
te rminat ion  o t  the  amino  ac id  sequence  o f  the  pept ide .  
¢27orrcspondem¢~ address: N. Suzuk i .  Noto  Mar ine  Laboratory ,  Ka -  
nazawa Un ivers i ty ,  Ogi ,  Uch iura .  l sh ikawa 927-05. Japan .  Fax:  (81) 
(768) 74 1644. 
in  add i t ion ,  us ing  a mass  spect rometr i c  method  we 
found  that  SAP- l lA  f rom Arbac ia  punctu la ta  and SAP-  
l iB  and  i t s  f i ve  der ivat ives  f rom Glyptoc idar i s  c renu lar i s  
conta in  an  in t ramolecu la r  d i su l f ide  l inkage .  
2.  EXPERIMENTAL  
2.1. Isolation orS .  var io lar is  SAP  
SAP  was iso lated f rom 66% ethano l  extract  o f  the egg jelly o f  the 
sea urch in  S. variolari, v a~ descr ibed in [9]. 
2.2. High-performamce Ifquid chro, natography ( HPLC ) 
HPLC was carr ied out  us ing  Cs co lumns  as  descr ibed in [9]. 
P rograms !, II 8nd III descr ibed in 191 were used for  iso lat ion o f  SAP.  
2.3. Fast atom bombardn,.~nt (FAB]  mass spectronlctr y 
FAB mass  spectra  were obta ined  with a JEOL  JMS-HX I00 double-  
focus ing  mass  spect rometer  o r  a JEOL  JMS-HX!  10/! IO four -sector  
tandem mass  spect rometer  equ ipped  with an  FAB ion source  and  a 
JEOL  JMA-DAT000 data  acqu is i t ion  system,  as descr ibed in [lO]. in 
MS/MS mode.  the  precursor  ion was  selected by the first mass  spectro-  
meter  and  decomposed  in a col l is ion ce l l  The  amount  o f  the col l is ion 
gas ( l i e )  in t roduced  into the cell was  ad jus ted  to reduce the intensi ty  
o f  the precursor  ion by ha l f  o f  its initial value.  The  daughter  ion 
spect rum was  obta ined  by co l l i s ion- induced ecompos i t ion  (C ID)  o f  
p recursor  ion in a B/E- l inked scan  mode,  where  the  rat io  o f  the  magne-  
tic field and  electr ic field o f  second mass  spect rometer  was  kept con-  
s tar t .  
2.4. Peptide syntl~esis 
A peptideo Lys -Phe-Cys -Pro -G lu -G lyoLys -Cys -Va l .  was  synthes ized 
us ing  a sol id-p~tase method  with use o f  a MilliC~en 9030 PepSynthe-  
sizer. Methy l l~nzhydry lamine  po lystyrene resin conta in ing  9-f luore-  
, ty lmethy loxycarbony l  (Fmoc) -L -Va l  (Fmoc-L -Va l  PAC Suppor t )  
(0.3 meq/g)  was  used as  s tar t ing  mater ia l .  The  fo l lowing amino  acid 
act ive esters  were used for  the  synthes is :  Fmoc-L -G lu  7- t -buty l  ester 
et -pgntaf luoropheny i  ester  ( -OPfp) .  Fmoc-L -P ro -OPfp ,  Fmoc-G ly -  
OPfp ,  Fmoc-S - t r i ty l - L -Cys -OPfp .  Fmoc-L -Phe-OPfp .  and  N ' -Fmcc-  
P~blgghed by Elsevier Science Pmblis~rs B.V. ! 79  
Volume 294, number  3 FEBS LE ' I ' ] 'ERS  December  1991 
d8 
~e6 ~ ~46o 2 
LYS PHE - CYS + PRO ~ GLU [ GLY - LYS [ CYST VAL 
j ~ . 
0 100 200  300  400  500  600  700  800  900  1000 M/Z  
Fig, i .  FAg/MS/MS C ID  .~pectrum o f  tl-e [~vl+H]" ion (rru'z = 1010.4) observed in the spectrum o f  the reduced peptid¢ SV- I ,  The  insert shows 
an interpretat ion o! the C ID  spectrum. The nomenclature used is based on  that used in [7,12], 
N'-t-butyloxycarbonyI-L-Lys-OPf['. The resin with prorated peptide 
was treated with m-cresol. 1,2-ethanedithiot and thioanisole in tri- 
fluoroacetic acid (TFA) at 0°C for 2 h. After removal of TFA, the 
resulting peptide was extracted with I M acetic acid. washed with ethyl 
ether, and air-oxidized in dilute solution at pH 7.5 for 4 h. 
Synthetic SAP-i lA was a generous gift from Dr. H. Shimomura. 
Synthetic SAP-lIB was previously synthesized in our  laboratory by a 
liquid-phase method II II. 
2.5. Amino acid nnolysL~ 
Amino ae' J  analysis was performed using a Hitachi L-8500 amino 
acid analyzer after hydrolysis for 20 h in constant-boiling HCI (5.7 IN) 
at 110°C in vacuo. 
2.6. Determinaaion of  sperm respiration roles 
Sperm respiration rates we.-e determined as described in [I I]. 
3. RESULTS AND DISCUSSION 
3. !. Pur i f icat ion o f  an  egg je l l y  pept ide  
The e thano l  ext rac t  o f  S. variolaris egg je l ly  obta ined  
f rom 10 ind iv idua ls  was  concent ra ted ,  de l ip idated ,  and  
then  sub jec ted  to  HPLC us ing  Program 1. An  ac t ive  
f rac t ion  was  pur i f ied  fu r ther  by  HPLC us ing  Program 
I I I  and then  Program I!. An  ac t ive  pept ide  (SV- I )  was  
pur i f ied  in a f inal  amount  o f  i 3.0 nmol .  The  amino  ac id  
compos i t ion  was  determined  to  be Glue.s4 ( ! ) ;  Prot.z7 ( I ); 
G ly ,  o~ ( ! ) ;  I /2Cys,.6~ (2); Va l ,  oo ( l  j; Phet.o2 (1); Lys2.o, 
(2) (mo i /mo i  o f  Va IL  
3.2. Pr imary  s t ruc ture  o f  S. var io la r i s  SAP 
FAB mass  spect rum o f  the  SAP  gave  a pro tonated  
molecu la r  ion  at  m/z  = 1008.5 wh ich  was  ident i ca l  w i th  
the  theoret i ca l  va lue  ca lcu la ted  f rom the  amino  ac id  
compos i t ion  w i th  two  ha l f - cys t ines .  In  add i t ion ,  in tense  
sequence  ions  (m/z  = 908.2 ,  880.4,  864.3,  733.3 and  
717.2)  were  c lear ly  observed ,  suggest ing  that  the  N-  
te rmina l  Nquenc= is Lys -Phe-  and  that  the  C - te rminus  
is Vat .  To  conf i rm the  presence  o f  an  in t ramolecu la r  
d i su l f ide  l inkage ,  the  so lu t ion  o f  the  pept ;de  ( I  raM)  in 
a reduc ing  buf fe r  (191~ N I -14HCO 3, pH 6.8) was  prep-  
a red ,  to  wh ich  was  added an  equa l  vo lume o f  a reduc-  
t i re  mat r ix  (d i th io thre i to l /d i th ioery thr i to l ,  5:1 w/w) .  In  
the  FAB mass  spect rum the  reduced  pept ide  gave  a 
s igna l  at  m/z  = 1010.4 wh ich  was  near ly  ident i ca l  to  the  
theoret i ca l  mass  va lue  (1010.5)  o f  a pept ide  conta in ing  
two  cys te ines  ins tead  o f  two  ha l f - cys t ines .  
The  amino  ac id  sequence  o f  the  resu l t ing  l inear  pep-  
t ide  was  then  determined  by  MS/MS f rom the  spect rum 
produced  by  the  C ID  o f  the  [M+H]  + ion  o f  the  pept ide  
[8]. As  shown in F ig .  !, many  sequence  ions  ( types  a , ,  
b. ,  d, ,  Y"n, and  w, )  were  observed  g iv ing  sequence  in-  
fo rmat ion  to  be  es tab l i shed  as Lys -Phe-Cys -Pro -G lu -  
G ly -Lys -Cys -Va l .  Fur thermore ,  f ive in terna l  sequence  
ions  at  m/z  - 412 .3  (PEGK) ,  284.2 (PEG) ,  227.3 (PE) ,  
186.3 (GK)  and  129.3 (K )  were  observed  in the  
spect rum.  
To  conf i rm the  proposed s t ruc ture ,  a pept ide  was  
synthes ized  accord ing  to  th is  sequence .  The  ox id i zed  
and  reduced  synthet i c  pept ides  were  e lu ted  separate ly  
f rom each  o ther  by  HPLC,  and  the  synthet i c  ox id i zed  
~. v~r i~,~_  Spermatozoa  
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Fig. 2. Resp l rat ion-s t imulat ing  effect o fpept ide  SV- !  on  S. varkdaH.t 
spc'nTmtozoa (10 mg wet wei~Jht/ml art i f ic ia l  sea water).  A r rows  (a, b 
and c) indicate the points at which S. ~ io /ar~ elM![ jelly peptid~ (0.5 
/aM), SAP-lIB (I ,uM) and other SAPs (SAP-I, SAP-Il l  and SAP-IV) 
( I /uM)  were added. 
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Table ! 
Obs~rxted mass valttes and amino acid sequences of sperm-activat ing peptides obtained from the egg ~e||y of sea urchins ,4 p~m'tuhHu and G 
crenulari.¢ 
A P- I GC-  I GC-2  GC-3  GC-4  G( ' -  .5 ( ;4[ ' -6 
[M+HI" of  intact i~pt ide 
[M+HF of  reduced peptide 
1243.4 1046.2 888.2 760.1 I ! 36.2 902.2 774.0 
( ! 243.6) (1046.5) (888.4) (760.3) ( I 136.5) (902.4) (774.3) 
! 245.3 1048.4 890. I 762.1 I 1384 904. I 776.2 
(1245.6) (1048.5) (890.4) (762.3) (I 138.5) (904.4) (776.3) 
AP- I :  
GC- I :  
GC-2: 
GC-3: 
t IC-4:  
GC-5: 
GC-6: 
Cy s-VaI-Thr-Gly-Ala-Pro-Gly-Cys-Val~Oly-Gly.4~ly-ArgoLeu-N H: (SAP- I IA)  
Ser-A|a- Lys- Leu-Cys-Pro-Giy-Gly-Asn-Cys-Val  (Scr-Ala-SAP-I IB) 
Lys- Leu-Cys- Pro--Gly-Gly-Asn- Cys-Val (SAP- l IB)  
L¢ u -Cys-Pro~CHy-Gly -A sn-~Cys-Val (Des-Lyst-SAP-I IB) 
Ser- Phe- Lys-Lett-Cys-Pro-Gly-Gly-GIn -Cys-Val (Scr-Ph¢-[GInT]SA P-! I B ) 
Lys-Leu-Cys-Pro-Gly-Gly-GIn~Cys-Val ([GInT]SAP-IIB) 
L¢u-Cys-Pro-Gly-Gly-GIn -Cys-Vai (D~-Lys'-[GInT]SAP-I  I B) 
The mass value in parentheses i  shown as the theoretical mass value of  each peptide. The amino ae~d sequences have been determined by automatic 
Edman degradat ion [I 1.13]. ~,Vith regard to SAP-HA,  the experiment was pe~ormed using a synthetic peplid¢ of which retention time on HPLC 
is identical with that  of  natural  SAP- i lA  1131 . 
pept ide  showed the  same re tent ion  t ime as  that  o f  the  
natura l  pept ide .  (Amino  ac id  compos i t ion  o f  the  syn-  
thet i c  pept ide :  G lu t . to  ( I ) ;  P ro t ,4  ( I ) :  G iyz l~ ( ! ) ;  1/ 
2Cys ,  7, (2 ) :  Va i l00  ( ! ) :  Pheo99 ( i ) ;  Lysz0s  (2 )  ( too l / too l  
o f  Va i l .  Observed  mass  va lues  ( [M+H]+) :  1008.4  (ox i -  
d i zed) ;  1010.4  ( roduced) . )  
in  conc lus ion ,  the  pr imary  s t ructure  o f  pept ide  SV- I  
was  es tab l i shed  to  13¢ Lys -Ph¢-~,ys -Pro -G lu -G ly -Lys -Ctys -  
Va l  by  the  mass  spect rometr i c  method w i thout  a lky la -  
l i on  o f  pept ide .  Th is  sequence  is  s imi la r  to  that  o f  SAP-  
l ib  (a i io resact )  [ I  !] .  
3 .3 .  Ef fects  o f  the pept ide on sperm respirat ion 
Pept ide  SV- !  was  a qu i te  potent  s t imu la tor  fo r  S.  
variolaris sperm resp i ra t ion .  The  resp i ra t ion  was  s t imu-  
la ted  by  the  pept ide  as  we l l  as  by  SAP- l IB ,  but  not  by  
SAP- I ,  SAP- I l l  and  SAP- IV  (F ig .  2) .  The  pept ide  s t imu-  
la ted  G. crenularis sperm resp i ra t ion  w i th  350  pM o f  
EDs0  va lue ,  wh ich  is comparab le  to  those  (500-1000 
pM)  w i th  SAP- l IB  and  i t s  f i ve  der ivat ives  f rom G. cre- 
nularis [10] .  Th is  suggests  that  subst i tu t ions  o f  Leu  2 by  
Phe ,  G ly  s by  G lu ,  and  Asn  ~ or  G in  7 by  Lys  do  not  a l te r  
the  resp i ra t ion -s t imu la t ing  ac t iv i ty .  These  subst i tu t ions  
cou ld  occur  by  s ing le -po in t  mutat ion  on  a genet ic  code .  
3 ,4 .  Determinat ion  o f  a disulf ide l inkage in SAPs  f rom 
A.  punctu la ta  and  G.  c renu lar i s  
A l though i t  has  been demonst ra ted  that  SAP- I IA  
f rom A. punctu lata ,  SAP- l iB  and  f ive  SAP- l IB  der iva -  
t i ves  f rom G. crenularis conta in  two  cys te ine  res idues ,  
the  presenoe  o f  a d i su l f ide  l inkage  in  these  pept ides  has  
not  yet  been  conf i rmed.  The  observed  mass  va lues  o f  
in tac t  pept ides  were  near ly  ident ica l  w i th  the  theoret i ca l  
mass  va lues  ca lcu la ted  f rom the  respect ive  amino  ac id  
sequence  w i th  two  ha l f - c3 ,s t ines .  Then ,  FAB mass  spec -  
t rometry  showed that  reduct ion  o f  these  pept ides  by  the  
reduct ive  matr ix  inc reased  the  mass  o f  these  pept ides  by  
2 a tomic  mass  un i ts  (Tab le  i ) .  
The  natura l  SAP- I IB  was  found to  co -e lu te  w i th  the  
ox id i zed  synthet ic  pept ide  on  HPLC us ing  Ca  co lumn.  
However ,  the  re tent ion  t ime o f  the  natura l  pept ide  
d i f fe red  f rom that  o f  the  reduced synthet ic  pept ic le  on  
HPLC.  (Amino  ac id  compos i t ion  o f  the  synthet ic  SAP-  
l iB :  Aspw.~ (1 ) :  Prol_09 ( I ) :  G ly~l~ (2) :  t /2Cys, . .~s (2) :  
Va i l  o0 ( I ) ;  Leu l  ol ( I ) :  Lyso .~ ( I )  ( too l / too l  o f  Va i l .  Ob-  
served  mass  va lue  ( [M+H]+) :  888 .3  (ox id i zed) ;  890 .1  
( reduced) . )  
F rom these  resu l t s ,  we  conc luded that  SAP- l lA ,  SAP-  
I IB  and  f ive  SAP- I IB  der ivat ives  a re  a l so  cyc l i c  pept ides  
conta in ing  an  in t ramolecu lar  d i su l f ide  l inkage .  
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